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FOREWORD

This handbook on Mediterranean Ports was
developed as part of an ongoing effort at the Naval
Environmental Prediction Research Facility to create
products for direct application to Fleet operations.
The research was conducted in response to Commander
Naval Oceanography Command (CNOC) requirements validated
by the Chief of Naval Operations (CNO).

As mentioned in the preface, the Mediterranean
region is unique in that several areas exist where local
winds can cause dangerous operating conditions. This
handbook will provide the ship's captain with assistance
in making decisions regarding the disposition of his
ship when heavy winds and seas are encountered or

forecast at various port locations.

Readers are urged to submit comments, suggestions
for changes, deletions and/or additions to NOCC, Rota
with a copy to the oceanographer, COMSIXTHFLT. They
will then be passed on to the Naval Environmental
Prediction Research Facility for review and

incorporation as appropriate. This document will be a
dynamic one, changing and improving as more and better
information is obtained.

M. G. SALINAS
Commander, U.S. Navy
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PORT INDEX

The following is a tentative prioritized list of
Mediterranean Ports to be evaluated during the five-year period
1988-92, with ports grouped by expected year of the port study's
publication. This list is subject to change as dictated by
circumstances and periodic review.

1988 NO. PORT 1990 PORT

1 GAETA, ITALY BENIDORM, SPAIN
2 NAPLES, ITALY ROTA, SPAIN
3 CATANIA, ITALY TANGIER, MOROCCO
4 AUGUSTA BAY, ITALY PORT SAID, EGYPT
5 CAGLIARI, ITALY ALEXANDRIA, EGYPT
6 LA MADDALENA, ITALY ALGIERS, ALGERIA
7 MARSEILLE, FRANCE TUNIS, TUNISIA
8 TOULON, FRANCE GULF PAMMAMET, TUNISIA
9 VILLEFRANCHE, FRANCE GULF OF GABES, TUNISIA

10 MALAGA, SPAIN SOUDA BAY, CRETE
11 NICE, FRANCE
12 CANNES, FRANCE 1991 PORT
13 MONACO
14 ASHDOD, ISRAEL PIRAEUS, GREECE
15 HAIFA, ISRAEL KALAMATA, GREECE

BARCELONA, SPAIN THESSALONIKI, GREECE
PALMA, SPAIN CORFU, GREECE
IBIZA, SPAIN KITHIRA, GREECE
POLLENSA BAY, SPAIN VALETTA, MALTA
VALENCIA, SPAIN LARNACA, CYPRUS
CARTAGENA, SPAIN
GENOA, ITALY 1992 PORT
LIVORNO, ITALY
SAN REMO, ITALY ANTALYA, TURKEY
LA SPEZIA, ITALY ISKENDERUN, TURKEY
VENICE, ITALY IZMIR, TURKEY
TRIESTE, ITALY ISTANBUL, TURKEY

GOLCUK, TURKEY
1989 PORT GULF OF SOLLUM

SPLIT, YUGOSLAVIA
DUBROVNIK, YUGOSLAVIA
TARANTO, ITALY
PALERMO, ITALY
MESSINA, ITALY
TAORMINA, ITALY
PORTO TORRES, ITALY

iv



PREFACE

Environmental phenomena such as strong winds,
high waves, restrictions to visibility and thunderstorms
can be hazardous to critical Fleet operations. The cause

and effect of several of these phenomena are unique to
the Mediterranean region and some prior knowledge of
their characteristics would be helpful to ship's
captains. The intent of this publication is to provide
guidance to the captains for assistance in decision
making.

The Mediterranean Sea region is an area where

complicated topographical features influence weather
patterns. Katabatic winds will flow through restricted
mountain gaps or valleys and, as a result of the venturi
effect, strengthen to storm intensity in a short period
of time. As these winds exit and flow over port regions
and coastal areas, anchored ships with large sail areas'
may be blown aground. Also, hazardous sea state
conditions are created, posing a danger for small boats
ferrying personnel to and from port. At the same time,
adjacent areas may be relatively calm. A glance at
current weather charts may not always reveal the causes
for these lucal effects which vary drastically from point
to point.

Because of the irregular coast line and numerous
islands in the Mediterranean, swell can be refracted
around such barriers and come from directions which vary
greatly with the wind. Anchored ships may experience
winds and seas from one direction and swell from a
different direction. These conditions can be extremely
hazardous for tendered vessels. Moderate to heavy swell
may also propagate outward in advance of a storm
resulting in uncomfortable and sometimes dangerous
conditions, especially during tending, refueling and
boating operations.

This handbook addresses the various weather
conditions, their local cause and effect and suggests
some evasive action to be taken if necessary. Most of
the major ports in the Mediterranean will be covered in
the handbook. A priority list, established by the Sixth
Fleet, exists for the port studies conducted and this
list will be followed as closely as possible in terms of
scheduling publications.
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1. GENERAL GUIDANCE

1.1 DESIGN

This handbook is designed to provide ship

captains with a ready reference on hazardous weather and

wave conditions in selected Mediterranean harbors.

Section 2, the captain's summary, is an abbreviated

version of section 3, the general information section

intended for staff planners and meteorologists. Once

section 3 has been read, it is not necessary to read

section 2.

1.1.1 Objectives

The basic objective is to provide ship captains

with a concise reference of hazards to ship activities

that are caused by environmental conditions in various

Mediterranean harbors, and to offer suggestions for

precautionary and/or evasive actions. A secondary

objective is to provide adequate background information

on such hazards so that operational forecasters, or other

interested parties, can quickly gain the local knowledge

that is necessary to ensure high quality forecasts.

1.1.2 Approach

Information on harbor conditions and hazards was

accumulated in the foilowing manner:

A. A literature search for reierence material

was performed.

B. Cruise reports were reviewed.

C. Navy personnel with current or previous area

experience were interviewed.

D. A preliminary report was developed which

included questions on various local con-

ditions in specific harbors.
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E. Port/harbor visits were made by NEPRF

personnel; considerable information was

obtained through interviews with local

pilots, tug masters, etc; and local reference

material was obtained (aee section 3

references).

F. The cumulative information was reviewed,

combined, and condensed for harbor studies.

1.1.3 Organization

The Handbook contains two sections for each

harbor. The first section summarizes harbor conditions

and is intended for use as a quick reference by ship

captains, navigators, inport/at sea O0"'s, and other

interested personnel. This sectiod contains:

A. a brief narrative summary of environmental

hazards,

B. a table display of vessel location/situation,

potential environmental hazard, effect-pre-

cautionary/evasion actions, and advance

indicators of potential environmental

hazards,

C. local wind wave conditions, and

D. tables depicting the wave conditions result-

ing from propagation of deep water swell into

the harbor.

The swell propagation information includes percent

occurrence, average duration, and the period of maximum

wave energy within height ranges of greater than 3.3 feet

and greater than 6.6 feet. The details on the generation

of sea and swell information are provided in Appendix A.

The second section contains additional details and

background information on seasonal hazardous conditions.

This section is directed to personnel who have a need for

additional insights on environmental hazards and related

weather events.

1-2



1.2. CONTENTS OF SPECIFIC HARBOR STUDIES

This handbook specifically addresses potential

wind and wave related hazards to ships operating in

various Mediterranean ports utilized by the U.S. Navy.

It does not contain general purpose climatology and/or

comprehensive forecast rules for weather conditions of a

more benign nature.

The contents are intended for use in both pre-

visit planning and in situ problem solving btj either

mariners or environmentalists. Potential hazards related

to both weather and waves are addressed. The

oceanographic information includes some rather unique

information relating to deep water swell propagating into

harbor shallow water areas.

Emphasis is placed on the hazards related to

wind, wind waves, and the propagation of deep water swell

into the harbor areas. Various vessel

locations/situations are considered, including moored,

nesting, anchored, arriving/departing, and small boat

operations. The potential problems and suggested pre-

cautionary/evasive actions for various combinations of

environmental threats and vessel location/situation are

provided. Local indicators of environmental hazards and

possible evasion techniques are summarized for various

scenarios.

1-3



CAUTIONARY NOTE: In September 1985 Hurricane Gloria raked

the Norfolk, VA area while several US Navy ships were

anchored on the muddy bottom of Chesapeake Bay. One

important fact was revealed during this incident: Most

all ships frigate size and larger dragged anchor, some

more than others, in winds of over 50 knots. As winds and

waves increased, ships 'fell into' the wave troughs,

BROADSIDE TO THE WIND and become difficult or impossible

to coritrol.

This was a rare instance in which several ships

of recent design were exposed to the same storm and much

effort was put into the documentation of lessons learned.

Chief among these was the suggestion to evade at sea

rather than remain anchored at port whenever winds of

such intensity were forecast.
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2. CAPTAIN'S SUMMARY

The Po'rt of Catania is located on the east coast

of the Italian island of Sicily (Figure 2-1)~ about 225

n mi south-southeast of Naples.

a~t WE W8E

AJACCE~C~C

SOLENZARA

I loLA MADDALENAA

PONZAO 
BARILE

SADNACLF Of SHIAIP 5 PA *

TYRRHENIAN SEA

CAGLIAR

CAPE TEULAOO USTIOP

Z TRAPANI INA SE

TUNISIACIY ATNI

- SCALE-NAUTIAL AKIES COMISO

40 CAPE PASSERO

rE iE WE 8I.E

Figure 2-1. Ports of Italy, Sicily, and Sardinia.



The Port of Catania is positioned at the
northwest Corner of the Gulf of Catania about 55 n mi
south-southwest of the Strait of Messina. Mt. Etna, an

active volcano, is about 16 n mi to the north-northwest

of the port (Figure 2-2).

SICILYTALY

OF
CA TAN/A(ONIAN

SEA

37*N

NAUTICAL MILE SCALE
010 20

Figure 2-2. Gulf of Catania



The Fort of Catania inner haruor , although

protected from the direct force of open ocean waves by a

l ng breawdter and e mole, experiences some wave motion

From waves that refract through the entrance (Figure 2-

7). The harbor is exposed anid vulnerable to wind. The

port area also experiences infrequent ash falls from Mt.

Etna.

The inner harbor is bordered on the west and

north ty tj.e city of Catania, the second largest city on

Lhe ji5iand. The eastern boundary is protected by a

breakwater, Molo di Levante, which is approximately 5,741

ft (1,750 m) long. The western half of the southern

boundary of the inner harbor is formed by a mole, Molo di

Mezzogiorno, which extends about 1,312 ft (400 m)

eastward from the shoreline. The entrance to the port is

approximately 804 ft (245 m) wide, and lies between the

east end of the mole and the breakwater. The inner

harbor can accommodate ships with drafts not exceeding 30

-ft. The anchorage for vessels with drafts over 30 ft is

located east of the breakwater. Anchoraoe positions

relative to a green light located at the south end of the

breakwater range from 272' 1,640 ft (500 m) to 248

6,i:37ft (1,840 m). Good holding qualities exist at the

anchorage in a mud bottom. The inner harbor has a mud

and sand bottom.
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Currents are generally weak and wind driven, but

strong currents have been reported at the harbor

entrance. A north-northeast current of about 2 kt will

occur at the anchorage when the wind blows southward

through the Strait of Messina. The tidal range is

slight, about I ft, but a storm surge caused by easterly

winds can *Iood inland.

Specific hazardous environmental conditions,

vessel situations, and suggested precautionary/evasion

aLtion scenarios are summarized in Table 2-1. Hazards

4or both Lnner harbor and outer harbor are addressed.



This page intentionally left blank

2-6



TABLE 2-i. Summary of hazardous environmental condit

HAZARDOUS CONDITION INDICATORS OF POTENTIAL HAZARD

I. Ash iall irom Mt. Etna. Caused by eruption or Advance warning.
emission ot an ash plume irom Mt. Etna. M ay occur anytime Mt. Etna erupts or emits an ash

plume and prevailing winds are from the NW.

Advance warninj
2. Strong wLnd/high sea irom SEuadrant - May ae I2Fansient low pressure system south of Sicily.

CalTe bregae, Levante, or Ciroco Building high pressure over Europe with
# Most lIkely in late autumn, winter, and early development of low over North Africa or Tonian Sea,

spring. Uncommon in summer. m Scirocco event may be preteded by buildin, -umulus
* Can be accompanied by thunderstorms in late clouds reoaininq over Mt. Etna wten air 4?o is

autumn or eariy winter. froe SE,
# Can generate seas to o s 20 it) at anchorage.

Some wave energy will refract into Dueton
inner harbor. Worst conditions occur f4Transient low pressure system south of Sici1v canwhen wind and swell are both from SE, cause winds to last for -2 days.
'esuLting in choppy harbor conditions, * Building high over Europe with :ow cver Ncrt,
worst on west side. Africa or lonian Sea can produce winds lastiq5

# Mt, Etna may deflect SE winds, resulting in NE cays
winds at harbor under SE flow situation. # sca rco events can last 2 weeks.

, iQh swell from the east - Benerated by "Etesian' fodanCe warninj

winds Over eea s-"s-t'e-rn Mediterranean Sea5, ¥ wilT-il1 reach Catania 4-4 hours after wi.:c
* Summer event, most common in August, begins to blow over eqean Sea.
# Waves to e-12 ft 2.5-3.5 m) may break over top

o' 1obo : LeCate. L "Uton
* Causes 1 /2 ft t112 m) long-period swell to --3well will persist as lonq as Etesian winOs ire

refract into inner harbor. Worst on west )Iowing.
side. * Swell will decrease about 12-24 hours atter winfLs

diminish.
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al coinditionsh for the Port of Catania, ItalY.

ZARD VESSEL LOCATION/ EFC RCUINR/VSV CIN
F~ZARDSITUATION AFFECTED I EFC RCUINR/VSV CIN

All iocationsi situations. (a) Fine, gritt y earticles of ash can damage delicate epmtanegiet
san ash ith cl ose tolerances.

iP oWfe a i ~upient from contact with ash prils
i Change/clean air filters often on qsol ne/diaeesel

engines which oust remainoperating.

b) Ash may pose health hazard,

m a)~ inimize personnel exposure on weather decks to avoid ash inhalation.

(a ind may force ship off mooring
ply. ~ i Moored-inner harbor. ' igln souWeii d# -ug assistance may be necessary in strong event,

Lnian Sea. f if nested, vessls may s hift, depending on wind direction.
cumulus
o w is(a) Vessels may have to depart anchorace.

~2 A cho ea-o ter harb r. Lagerwives may cause pitching at anchor.

I nco dragginq is possible.* To minimize effect of seas, roceed N through Strait of Messina to
cily cananchoraI es near Messina, at alermo or Gulf of Castellammare on N
1 can coast o S icily

icrth* Steaming close to W coast of Italian Peninsula wtill avoid worst effects
~ting 5 of sea.

ia) Strong event may adversely imp act ship maneuvering characteristics.~3 ~rriinjie~ring arbr. Adjust arrival/departure to avoid high winds.

b Currents may be strentee! wind,
* Be alert for enhancedcurents.

A) Sallboa opeatins. (a) Boating may be restricted/cancelled.

(1) Moore-d-inner harbor. (a) Lit jja~n ored vessels.
oi nd Is N wl refract'edinto harbor is not considered dangerous, but moorings

should be closely monitored.
*Vessels moored alorng Mold di Levante may experience spray from swell
breaking over the top of the breakwater.

*As are 2 Anchored-outer harbor. a) Vessels may have to depat anchorage, qa nhr
le winds * Large swell waves may cause sig9nific ant pitchingaanhr

# Anchor dragging may aeul fr sell motion.
* To avoid swell proceed 14 through Strait of MessinaI to anchorages near

Messina, at Palermo, or in Gulf of Castellammare on N coast of Sicily

3) Arriving/departing haroor. (a) Arrival/departufe may need to be eled,
t If going to anchor, delay arrival unt il after swell1 subsides.
* If going into inner harbor, turning N to approach entrance will bring

swell broad on starboard beam and expose ship to excessive rolling.
f Departing vessels wtill encounter swe;l broad on Port beam as soon as

protechon of breakwater is passed.

(4) Small boat operations. ia) Boating may be restricted/cancelled.



TABLE 2-1. (Con'

HAZARDOUS CONDITION I INDICATORS OF POTENTIAL HAZARD

4. Thunderstorms. Advance Warming

Nv be caused by transient low pressure system a orecast in autumn or early winter due
south of Sicily in late autumn/eari winter, pressure system south of Sicily.

t lay occur wit,'after frontal passages in f Strong frontal passage during autumn. Irter, or
%nteriearly sprngprng.

• Violert storms may form over Mt. Etna in late
winter/early spring and may move over the DurationPort of Catania. t ,an last for 24 hours when associated with transient

low south of Sicily in late autumn or early winter.

5. Sea creeze - Diurnal easterly wino reaching Aovance warninj
eaxitumi eiocities in mid-atternoon. -ot-neiv observed in summer, and or warm at

M Most -ommon in summer, but may spring and early autumn days.
occur on warm days in other seasons.

* orionlv lasts from 1030L - 1800L. Luration
* lor a sxlt.t ;elocities are . kt, but wlvpicallv observed between 1030L and lf'(,L,

strong event can exceed 27 kt.

c. Tropicai cyclones - Althoug h uncommon, tropical dvance warn:n
ryclones have been observed in the Mediter-anean I * igh, hlin clouds in cyclonically spirallirn tadss,
basin, gradually thickening.
* Most likely in late summer/autumn but may * Long period swell from southern semicircle w;t io

occur in any season. other reasonab!e explanation.
Storm track is difficult to forecast
accurately. Mariners must give wide berth to
forecast track.

7. Atmospheric turbulence - Creates a problem +or Advance warninj
elicopters operating in the Catania area. f LO" pressure trough over western Mediterranean Sea,* Occurs during summer in association with west- M May be preceded bv stratus clouds along the south

southwesterly winds which cancel sea breeze coast of Sicily.
mechanism.

Duration
# kill last as long as west-southwesterlv winos

'persist at Catania,

2-9
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1. (Continued)

V FVESSEL LOCATION/
SZARD SI TU aTINFFTE EFFECT - PRECAUTIONARY/EVASIVE ACTIONS

SIUTOIAF-E

(0 Moo~ed-inner harbor. (a) possible strong winds/s ualls/li fhtninq strikes/wa terspouts.
IF a Mori ng 7 lnes so ul be monitored e 1oey.

ue~ tolwsecure loose gear.
Ler, or *Minimize personnel exposure on weather decks.

2) Anchoreo-outer harbor. (a) Possible strong Ninds/squalls/lightning strikes/waterspouts.
i Personnel should be alert for anchor dragging.

tranient* Secure loose gear.
h trnient * Minimize personnel exposure on weather decks.

3) Arriviqjjde artina harbor. (a) Possible strong winds/squalls/lightni ng strikes/waterspouts.
* Ship maneuvering may be affected.
4 Visibility may be restricted.
* Secure loose gear.
* Minimize personnel exposure on weather decks.

4 Small boat operations. (a, Small boat operation should be restricted.
# Wind gusts/squalls may hazard small oat and occupants.
* L-ightning strikes are possible.

t ) Moored-inner harbor. (a) No sA niicn problems.

*aeI(2) Anchored-outer harbor. ia) No si gnificant problems.
Boin~ig o/fos ancorage may be restricted or curtailed in a strong
event.

(3) triigdprighro, a) Vessel control may be affected at slow SGA.

Smal boa~peatios. ) Smll oati mabe restricted/curtailed in a strong event
* 0 or seaI craft operation toom theS an chorage.

i Moored-inner harbor. (a) Vessels shouldut to sea and evade storm.

ing bands, il) Anchored-outer harbor. (ai Vessels should put to sea and evade storm.

e3 wih rrivinidepartinq ha-rbor. Ia Vessels should put to sea and evade storm.
*pj . at sea stay at sea and evade stor@.
# if depar ting harbor, plan to leave early +j avoid the effects of the

storm.

(4) Small boat operations. (a) Cancel small boat operations
*Hoist small craft out of water and secure on deck or, if on shorc, well

above high tide line.

(1) Helicopter operations. (a) Operate helicopters with caution
anean Sea, * Velay all unnecessartiflights until winds subside.
he south * Exercise extreme caution when operating in the

vicinity of Mt. Etna.



Table 2-2 provides the height ratio and direction

of shallow water waves to expect at points I and 2

(Figure 2-3) when the deep water wave conditions are

known.

The Catania Point 2 conditions are found by

entering Table 2-2 with the forecast or known deep water

wave direction and period. The height is determined by

multiplying the deep water height (8 ft) by the ratio of

shallow to deep height (.8).

Example: Use of Table 2-2 for Catania Point 2
(Carrier Anchorage).

Deep water wave forecast as provided by a
forecast center or a reported/observed deep
water wave condition:

8 feet, 12 seconds, from 1200.

The expected wave condition at Catania Point 2,
as determined from Table 2-2:

7 feet, 12 seconds, from 115.

NOTE: Wave periods are a conservative property

and remain constant when waves move from deep to shallow

water, but speed, height, and steepness change.
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Table 2-2. Shallow water wave directions and relative height

conditions versus deep water period and direction (see Figure

2-3 for location of the points).

FORMAT: Shallow Water Direction
Wave Height Ratio: (Shallow Water/Deep Water)

CATANIA POINT I (Inner Harbor Entrance):
Period (sec) 6 8 10 12 14 16
Deep Water Shallow Water
Direction Direction and Height Ratio
030* * 060 °  070* 080' 0900 1050 1000

.4 .4 .4 .4 .3 .4

0600 * 070' 075' 0850 090 °  1100 1150

S .5 .5 .6 .6 .5 .5

090 °  0900 100* 1100 110' 1200 1250

* .8 .9 .9 .8 .7 .7

1200 1300 130* 1200 130* 110 °  1200

* .5 .5 .5 .7 .5 .4

150' 155' 155' 1200 110' 115* 1100
.5 .5 .5 .6 .3 .4

180' 140 °  1450 140' 135 135' 140*
.2 .3 . .3 .4- . 5

CATANIA POINT 2 (Carrier Anchorace):
Period (sec) 6 8 10 12 14 16

Deep Water Shallow Water
Direction Direction and Height Ratio
030 °  035' 03 030 035 040' 0450 050'

.2 .4 .4 .3 .5 .6

060 °  060' 060' 060' 0650 065' 065-
.9 .9 .8 .8 .8 .8

0900 0900 0900 090' 090' 0900 085'
.9 .9 .8 .8 .8 .8

1200 120' 1200 120' 115' 1100 1100
.9 .9 .8 .8 .8 .8

1500 * 150' 150' 145' 135 °  1300 130'

.8 .8 .7 .6 .6 .6

1806 175' 160' 155' 150 1450 1450

.5 .3 .3 .5 .4 .5
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The local wind Qenerated wave conditions for the

anchorage area identified as point 2 (Figure 2-3) are

given in Table 2-3. All heights refer to the significant

wave height (average of the highest 1/3 waves). Enter

the local wind speed and direction in this table to ob-

tain the minimum duration in hours required to develop

the indicated fetch limited sea height and period. The

time to reach fetch limited height is based on an initial

flat ocean. When starting from a pre-existing wave

height, the time to fetch limited height will be shorter.

Table 2-3. Gulf of Catania near point 2. Local wind waves

for fetch limited conditions related to point 2 (based on

JONSWAP model).

Format: height (feet)/period (seconds)
time (hours) to reach fetch limited height

Direction Local Wind
and\ Speed (kt)

Fetch \

Length . _ 18 . . . 24 .0 36 42--
(n mi)

N .2 ft 2ft 2/3 2/3 2-3/3
In-mi _

NEb/ 4-5/5 61 1'-6/i 9'7 1.'/7-e
45 r, mi 4 4 4

2-S, 3-4 /4 4/4-1, 5/E hi5
,Mi 2 --

L'-amp le:
To the south (180*) there is about a 13

n mi fetch (Figire 2-2). Given a south wind at

24 kt, the sea will have reached 3-4 feet with a
period of 4 seconds within 2-7 hours. Wynd waves

will not grow beyond this condition UInless the
wind speed increases or the direction changes to
one over a longer fetch length. If the wind

waves are superimposed on deep water swell, the
combined height may change in response to
changing swell ,-nniltions. Wlsu wave directions

* are assumed to be the same as the wind

direction.
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Combined Wave heiQhts are obtained by finding the

square root of the sum of the squares of the swell and

wind wave heights.

Example: Swell 10 ft, wind wave 5 ft.

C0? + 5= =/100 + 25 12-5 11.2 f t

Note: Increase over larger height is small. If

both heights were equal, combined height would increase

by a factor of 1.4. If one is half of the other, as in

the example, increase over the larger of the two is by a

factor of 1.12.

Climatoloqical factors of shallow water waves, as

described by percent occurrence, average duration, and

period of maximum energy (period at which the most energy

is focused for a given height), are given in Table 2-4.

See Appendix A for discussion of wave spectrum and energy

distribution. These data are provided by season for two

rarnges of heights: greater than 3.3 feet and greater than

6.6 feet.

Two anchorage areas have been selected for

Catania (Figure 2-3). Point 1 is near the inner harbor

entrance. Point 2 is for the outer harbor anchorage area

for vessels with drafts over 30 ft.
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Table 2-4. Shallow water climatology as determined from deep
water wave propagation. Percent occurrence, average duration
or persistence, and wave period of maximum energy for wave
height ranges of greater than 3.3 feet and greater than 6.6
-feet by climatological season.

CATANIA POINT !: _ WINTER SPRING SUMMER : AUTUMN

S >3.3 feet NOV-APR 1 MAY JUN-SEP OCT

Occurrence (%) 26 22 6 1B

Average Duration (hrs) 15 15 11 13

Period Max Energy(sec) 9 9 9 8

>6.6 feet _ NOV-APR 1 MAY JUN-SEP: OCT

Occurrence (.) 7 6 1 5

Average Duration (hrs) 13 15 12 9

Period Max Energy(sec): 10 12 10 9

CATANIA POINT 2: WINTER SPRING SUMMER AUTUMN
X3.3 feet _ NOV-APR MAY JUN-SEP OCT

Occurrence 25 23 6 14

Average Duration (hrs): 12 18 9 13

Period Max Energy(sec) 0 10 9 8

>6.6 feet _ NOV-APR :-MAY. JUN-SEP: OCT

Occurrence (1) 10 7 1 4

Average Duration (hrs): 14 11 13 10

Period Max Energy(sec) 12 12 11 10
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SEASONAL SUMMARY OF HAZARDOUS WEAIHER LONLiTIUNb

WINTER (November thru February):

* Persistent strong winds from east thru south 20-

25 kt causes swell in harbor.

* Northeasterly (Gregale) winds funnel through

Strait of Messina and generate high saves at

anchorage.

* Scirocco (southeasterly) can last -ew days to two

weeks.

* Thunderstorms accompany cold front ,assage or lows

passing to south and may last 24 hours witi heavy

rain.

SPRING (March thru May):

* Early spring conditions are similar to winter.

* Gregale and Scirocco are rare by season's end.

* Early morning fog/haze may reduce visibility to

near 1 n mi.

SUMMER (June thru September):

* Occasionally, daily sea breeze may reach 25 kt and

disrupt afternoon operations.

* West-southwesterly winds 20-25 kt cancel sea

breeze and bring hot temos. reductd visibility due

to dust and cause turbulence probiems for

helicopter operations.

AUTUMN (October):

* Short transition season with winter-like weather

returning by month's end.

NOTE: For more detailed information on hazardous weather

conditions see previous Summary lable in this -ection and

Hazardous Weather Summary in S?:t on 3.



GENERAL INFORMATION

This section expands on the material in the

Captain's Summary. Figures and Tables are repeated with

a continuation of numbering. Paragraph 3.5 provides a

general discussion of hazards and Table 3-4 provides a

solmmary of hazards and actions by season.

Geog~raphic Location

Catania is located on the east coast Of the

Italian island of Sicily (Figure 3-1) about 225 n mi

SOUth-southeast of Naples.

A.AC CORSICA 0
S'14, -SOLE NZARA

0 LA MAD ALENA OZl A % PLBRI SARDINIA GL ,

TYRRHENIAN SEA

CAGLIAR

CAPE TEuLADO

'b TRAPANi O/A E

SCALE-N4AUTIAL MILES CC*MPSO

4 'J2CAPE AASSER0

Figure 3-1. Ports of Italy, Sicily, and Sardinia.



The Port of Catania is positioned at the

northwest corner of the Gulf of Catania about 55 n mi

south-southwest of the Strait of Messina. Mt. Etna, an

active volcano, is about 16 n mi to the north-northwest

of the port (Figure _3-2).
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The Port ot Catania inner harbor is large and

capable of accommodating ships with ma.. imum drafts of

about 30 ft (9.1 m) (U.S. Navy, 1983). Its facilities

are situated within an artificial harbor formed by a long

breakwater, Molo di Levante and a mole, Molo di

Mezzogiorno (see Figure 3-3). Mount Etna, a 10,902 it

(3,323 m) active volcano located about 16 n mi north-

northwest of the port, dominates the landscape. Other

prominent landmarks include many domes on buildings in

the city of Catania, a red brick chimney over 300 ft high

which is surmounted by four red aircraft warning lights

and located about 400 yds north-northwest of the origin

of Molo di Mezzogiorno, and several grain elevator towers

east of the chimney.

rr

37-301N.

% " GULF OF CATANIA

NAUTICAL MILE SCALE0 , .5 1.0

Figure 3-3. Port of Catania
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3.2Q Qualtative Evaluation of the Port of Catania

The Port of Catania, while well protected from

the effects of sea/swell action from southwest through

northeast, is adversely affected as a protective harbor

when strong winds and resultant waves are from east

through south. Although protected by a long breakwater,

the entrance to the harbor allows refracted swell from

east through south to enter the inner harbor. If a

southeasterly wind and southeasterly swell coincide at

Catania, choppy conditions result in the harbor.

Persistent easterly flow of 20-25 kt or more will

cause 6-7 ft (2 m) and occasional 12 ft (3.5 m) swell to

break over the top of Molo di Levante. Refraction allows

easterly swell to enter the inner harbor, with the most

pronounced effects occurring on the western side.

Easterly winds 25-35 kt will produce a long period swell

1 1/2 ft (1/2 m) high in the inner harbor.

Large vessels (CV's, oilers, etc.) anchor outside

the breakwater and are exposed to the brunt of all

weather emanating from the eastern semicircle. The

aircraft carrier anchorage is located 068 ° 1,640 m from a

green light at the south end of Molo di Levante. Good

holding qualities exist at the anchorage in a mud bottom.

The inner harbor has a mud and sand bottom. The Port of

Catania is subject to ash falls produced by Mt. Etna.

3. 3 Currents and Tides

Currents are generally weak and wind driven, but

strong currents have been reported at the harbor

entrance. A north-northeast current of about 2 kt will

occur at the anchorage when the wind blows southward

through the Strait of Messina.

The tidal range is slight, about 1 ft, but a

storm surge caused by strong easterly winds can flood

inland.
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3.4 Visibility

Fog is not a problem at Catania, but haze and

smoke from industrial pollution can reduce summertime

visibility to about I mi, with the poorest visibility

normally occurring between 0600 and 0600 local time.

The most restricted visibility -- as low as 1/2

mI -- occurs during summer under southerly flow

conditions, when air enters Sicily across the southeast

tip, becoming west-southwesterly at Catania. The result

is poor visibility, hot temperatures, and a "yellow-

white" sky.

Visibilities are sometimes reduced to 1/2 mi in

late winter/early spring in precipitation associated with

thunderstorms which form over Mt. Etna.

S.5 Hazardous Conditions

Aithough protected from some wind/wave

conditions, the Port of Catania is vulnerable to others.

A seasoital bea.down of the various known environmental

hazards that may be encountered in the Port of Catania

follows.

A. Wiiter_ (Novembaer- throucgh-_February_)

Fersi.stent strong winds from east through south

of 20 to 25 kt or more can cause significant problems at

the Fort of Catania. Although the eastern side of the

itrner harbor is protected by a long breakwater, the

cunfiguration of the harbor entrance allows refracteo

swell to enter. Sou theaSter!y winds can produce

considerable swell i) the inner harbor, which is

especially bad on the west side. rhe swell is bothersome

but not dangerous. The accompanying winds can be

dangerous, however.

Prolonged easterly flow will cause 6-12 ft (_-

7.5 m) or greater swell to break over the top of Molo di

Levante, a frequent moorage for ships. Easterly swell

can also refract through the harbor entrance, causing a 1

1/2 ft (1/2 ml long-period swell in the inner harbor.
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Swell generated by an easterly wind will normally

diminish 24 hours after the wind stops.

Large vessels such as aircraft carriers and

oilers remain outside the inner harbor, requiring about a

30 minute small boat ride into the harbor from the

anchorage.

Winds from the southeast quadrant, the most ad-

verse direction at Catania, are principally caused by the

"Gregale." A Gregale results when high pressure lies or

is building over central Europe or the Balkans, and a low

pressure system is either over the Ionian Sea, North

Africa near Libya/Tunisia, or transiting eastward south

of Sicily. A transiting low #nay produce Gregale winds

for a day or two, but winds from a low over the Ionian

Sea or Libya/Tunisia may last for up to 5 days. When

Gregale winds are from the northeast, they may be rein-

forced when passing through the Strait of Messina. The

result is high waves which break over Molo di Levante.

The Gregale is most dangerous for ships at anchor.

A winter "Scirocco" will also produce strong east

to southeasterly wind and seas at Catania. A Scirocco is

caused by a well developed low pressure system over North

Africa which brings hot, muggy weather to the region. A

Scirocco event usually lasts for no longer than 2 weeks,

but one event on record lasted one month.

The blocking effect of Mt. Etna sometimes brings

northeasterly winds to Catania in an otherwise south-

easterly situation. When occurring, the northeast wind

will tend to dampen southeasterly swell. Also, when

northeasterly winds are blowing through the Strait of

Messina, calm winds are frequently experienced in the

harbor at Catania. Mt. Etna blocks winds from northwest

clockwise through north. A steep gradient resulting in

general northwest or north flow will produce an offshore

wind at Catania but poses no problem for harbor opera-

tions except for bringing ash falls from Mt. Etna over

the Port. There are no strong wind effects at Catania

for winds from southwest clockwise through northwest.
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Heavy rain with low cloud ceilings can Gccur at

Catania when a low pressure system passes south of

Sicily. Thunderstorms, commonly associated with low

passages in early winter when SST's are still warm but

air temperatures may be cool, may be constant for 24

hours. Thunderstorms may also occur with passing frontal

systems.

Mt. Etna sometimes creates its own thunderstorms.

The thunderstorms form on the lee side of the mountain,

but steering +low sometimes carries them south over

Catania. The phenomena is most violent in late winter

and early spring, sometimes reducing visibility to 1/2 mi

in rain. Thunderstorms can also form due to lifting

caused by heat release from the volcano. Anchorage

positions at the Port may experience hail and wind with

gusts to 50 kt. Waterspouts are an associated phenomena.

Snow is uncommon, having occurred only once

during a recent 10 year period.

Fog is not a problem at Catania. Wintertime

visibilities are generally good.

B. Spring_ (March through _May).

Early spring environmental conditions are similar

to those of winter. Winds and seas generated by Gregale

and Scirocco events continue with decreasing frequency as

the season progresses, and are rare by the end of spring.

Thunderstorms formed over Mt. Etna occur during

the early part of the season, bring reduced visibilities

in rain, as well as gusty winds (to 50 kt) and possible

hail and waterspouts. Thunderstorm frequency diminishes

throughout the season.

Sea breezes begin to appear on warm days by late

spring. Normally starting about 1030L, they reach a

normal maximum strength of about 15 kt by 1500L, and die

down about 1800L. A strong event will cause boating to

be cancelled at the anchorage sinc2 27 kt is the cut off

for small boats to enter the inner harbor
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Springtime visibility is generally good at the

start of the season, but early morning haze and smog may

reduce visibility to near 1 mi.

C. Summer (June throuqh_September.

The summer season in eastern Sicily has the least

hazardous weather of the year. The extratropical storm

track has moved northward so strong, migrating

extratropical storms pose little threat to Catania.

Afternoon sea breezes are daily occurrences.

Usually commencing about 1030L, the wind force increases

to a maximum of about 15 kt by 1500L, and diminishes

about I8O0L. A strong event will cause boating to be

cancelled at the anchorage since 27 kt is the cut-off for

small boats to enter the inner harbor. A high pressure

cell aloft can oppose the return flow of the sea breeze

mechanism. The sea breeze usually dominates but

velocities will be weaker than normal.

When winds are from the south over the southeast

coast of Sicily, the air flows through mountain passes

before reaching Catania. The air heats adiabatically as

it descends the mountain slopes, and reaches Catania as

west-southwesterly 20-25 kt. The winds create a turbu-

lence problem for helicopters operating in the area.

This event will cancel the sea breeze and bring very hot

temperatures to the Port. Due to the dust carried from

North Africa, the sky turns yellow-white and visibility

may be reduced to 1/2 mi under nearly cloudless skies.

Flies and other insects abound during these weather

events.

Haze and smog, advected over the Port by an early

morning land breeze, commonly reduces early morning

(O600-OSOOL is the worst period) visibility to about

I mi, but small boats operate effectively and seem to

have no difficulty locating ships at anchor. The land

breeze creates no appreciable wind or sea effect at

Catania.

The prevailing northerly winds over the eastern

Mediterranean and Aegean Seas (basically a monsoonal flow
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associated with a deep low pressure area which forms over

northwest India) is called the "Etesian." Once

established, it can generate 8-12 ft (2.5-3.5 m) westerly

moving swell which will reach the east coast of Sicily in

4-8 hor-. The maximum occurrence of Eiesian winds and

resultant swell is in August. While some of the swell

may break over the top of Molo di Levante and/or refract

into the inner harbor at Catania, most of the effect of

the swell is experienced at the anchorage outside the

breakwater.

D. Autumn (October).

As is the case over much of the Mediterranean

region, the autumn season is short, spanning about one

month -- October. The daily occurrence of the sea breeze

is interrupted as temperatures begin to moderate.

Extratropical systems begin to transit Europe as the

storm track moves southward in advance of the winter

season.

The threat of strong winds from the eastern

quadrant caused by a Gregale or Scirocco, as discussed in

section A above, increases as the autumn season

progresses.

Heavy rain with low cloud ceilings can occur at

Catania when a low pressure system passes south of

Sicily. Thunderstorms, commonly associated with the low

passages in late autumn when SST's are still warm but air

temperatures may be cool, may be constant fcr 24 hour:.

Thunderstorms may also occur with passing frontal

systems.

E. Tropical Storms

Storms having tropical cyclone characteristics

with fully developed eyes have been observed on at least

three occasions in the Mediterranean basin: 2326

September 1969, 22-28 January 1982, and 26-30C September

1983. On the latter occasion the storm moved northwest

from the Gulf of Gabes (on the southeast corner of

Tunisia), through the Straits of Sicily, along the east

coast of Sardinia, and into the Gulf of Genoa. Winds of

100 kt were observed near the eye while Cagliari,
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Sardinia reported sustained winds of 60 kt. The

potential for a storm of this type to strike Catania is

real and the meteorologist must be aware of the

possibility.

3.6 Harbor Protection

The Port of Catania offer3 little protection from

wind but the inner harbor, as detailed below, offers

marginal protection from significant wave action.

3.6.1 Wind and weather

The Port of Catania is exposed to the full force

of wind from northeast clockwise through south. The

terrain of Sicily lying to the south through west offers

only limited protection, but Mt. Etna effectively blocks

winds from northwest through north. The blocking effect

of Mt. Etna frequently deflects a southeasterly wind and

turns it to northeasterly at Catania. A strong northwest

or north flow over the region will produce an offshore

flow at Catania but poses no problem for harbor opera-

tions. There are no strong wind effects at Catania for

winds southwest clockwise through northwest.

3.6.2 Waves

The Harbor of Catania is protected from

significant open-ocean wave action from south-southwest

through northeast by the shape and orientation of Sicily

and the Italian peninsula. Fetch length is near zero

from south-southwest through north, and is limited to

only 45 n mi to the northeast. Portions of the harbor

are vulnerable to waves from east-northeast clockwise

through south, however.

The anchorage is exposed to the effects of waves

from east-northeast clockwise through south, making it

advisable to depart the anchorage if high seas are

forecast. The inner harbor is better protected, with a
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long breakwater oriented north-south along its eastern

side, and a mule protecting part of its southern side --

see section 7.1. The entrance to the harbor is open to

the south, making it possible for southeasterly (the

worst direction) sea/swell to refract into the inner

harbor. Easterly swell can also refrict into the harbor

entrance, wiLh somewhat reduced effect in the harbor.

Easterly winds of 25-35 kt will produce a 1 1/2 ft

(1/2 m) long-period swell in the inner harbor. The swell

is not considered dangerous, but the winds are.

Persistent easterly flow of 20-25 kt or more will

cause 6-7 ft (2 m) and occasional 12 ft (3.5 m) swell to

break over the top of Molo di Levante, the eastern

protective breakwater where vessels are frequently

moored.

Table 3-1 provides the shallow water wave

conditions at the two designated points when deep water

swell enters the harbor.

Example: Use of Table 3-1.

For a deep water wave condition of:

8 feet, 12 seconds, from 150 °

The approximate shallow water wave conditions
are:

Point 1: 5 feet, 12 seconds, from 110 °

Point 2: 5 feet, 12 seconds, from 135 °
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Table 3-1. Shallow water wave directions and relative height

conditions versus deep wa).er period and direction (see Figure

3-3 +or location of the points).

FORMAT: Shallow Water Direction
Wave Height Ratio: (Shallow Water/Deep Water)

CATANIA POINT 1 (Inner Harbor Entrance):
Period (sec) * 6 8 10 12 14 16

Deep Water Shallow Water
Direction Direction and Height Ratio
0300 060 0700 080 ° 0900 1050 100-

.4 .4 .4 .4 .3 .4

* 0600 * 0700 0750 085 ° 090 °  1100 1150

.5 .5 .6 .6 .5 .5

090 °  0900 1000 110' 1100 1200 1250

.8 .9 .9 .8 .7 .7

120, * 130 °  1300 120' 1300 1100 1200
.5 .5 .5 .7 .5 .4

1500 155 °  1550 1200 1100 1150 1100

.5 .5 .5 .6 .3 .4

1800 * 140* 1450 140' 1350 135 °  140 °

__ .2 .3 .3 .3 _ .4 .5

CATANIA POINT 2 (Carrier Anchorage):
Period (sec) 6 B 10 12 14 16

Deep Water Shallow Water
Direction Direction and Height Ratio
030 035' 030 °  035 0 40 045 °  05( °

.4 .4 .6

0600 060' 0600 06o* 0650 065 06.0

.9 .9 .3 .8 .8 .8

090o 0900 090 °  0900 0900 0900 085'

.9 .9 .8 .8 .8 .8

1200 * 120 °  1200 1200 1150 1100 1100

* .9 .9 .8 .8 .8 .8

1500 * 150 °  1500 145' 135' 1300 1300

* .8 .8 .7 .6 .6 .6

1800 * 1750 1600 155 °  1500 145 °  1450

_ _.5 .3 .3 .5 .4 .5
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Situation specific shallow water wave conditions

resulting from deep water wave propagation are given in

Table 3-1 while the seasonal climatology of wave con-

ditions in the harbor resulting from the propagation of

deep water waves into the harbor are given in Table 3-2.

If the actual or forecast deep water wave conditions are

known, the expected conditions at the two specified

harbor areas can be determined from Table .- i. The mean

duration of the condition, based on the shallow water

wave heights, can be obtained from Table 3-2.

E,,ample_: Use of Tables :-I and 3-2.

The forecast for wave conditions tomorrow

(winter case) outside the harbor are:

8 feet, 14 seconds, from 060'

Expected shallow water conditions and duration:

Point 1 Point 2
height 4 feet 6 feet

period 14 seconds 14 seconds
direction from 110' from 0650

duration 15 hours 12 hours

Interpret tion of the information from Tables 3-1

alit provide guidance on the local wave conditions

expected tomorrow at the various harbor- points. The

ditration values are mean values -or the specified height

range and season. Knowledge of the c_urrent__ synoptic--

patter n and forecast/expected duration should oe used

when av-xlabie.

P'ossible applications to smali boat operations

are; selection of the mother ships anchorage point and/or

areas of small boat work. The condition duration inkor-

nation provides insight as to how long before a change

L4 1b e expe ed. lhe local wave directiun information

.OUld 15e of uLe in selecting anchorage configuration and

,-elated smal boat operations, including tending

acti vi ti-es.



Table 3-2. Shallow water climatology as determined from deep
water wave propagation. Percent occurrence, average duration
or persistence, and wave period of maximum energy for wave
height ranges of greater than 3.3 feet and greater than 6.6
feet by climatological season.

CATANIA POINT 1: WINTER SPRING : SUMMER AUTUMN
>3.3 feet NOV-APR MAY : JUN-SEP! OCT

Occurrence (%) 26 i 22 6 18

Average Duration (hrs) 15 15 11 13

Period Max Energy(sec) 9 9 9 8

>6.6 feet - NOV-APR MAY JUN-SEP: OCT

Occurrence (%) 7 6 1 5

Average Duration (hrs) 13 15 12 9

Period Max Energy(sec) 10 12 10 9

CATANIA POINT 2: WINTER SPRING SUMMER AUTUMN
>3.3 feet NOV-APR 1 MAY 1 JUN-SEP! OCT

Occurrence (%) 25 : 23 6 14

Average Duration (hrs) 12 18 9 13

Period Max Energy(sec) 10 10 9 e

>6.6 feet NOV-APR : MAY JUN-SEP: OCT

Occurrence (%) 10 7 1 4

Average Duration (hrs) 14 11 13 10

Period Max Energy(sec) 12 12 11 10
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Local wind wave conditions are provided in Table

3-3 for Catania point 2. The specified fetch lengths are

specifically for point 2. The time to reach the fetcn

limited height assumes an initial flat ocean. With a

pre-existing wave height, the times are shorter.

Table 3-3. Gulf of Catania near point 2. Local wind waves
for fetch limited conditions related to point 2 (based on
JONSWAP model).

Format: height (feet)/period (seconds)
time (hours) to reach fetch limited height

Direction Local W:Lnd
and\ Speed (kt)

Fetch \
Length \ 18 24 30 36 42
.(n mi ) I __ _ __ _ __ _ __ _ _ __ _ __ _ __ _ __ _ _

Ni <2 ft i <2 ft 2/3 2/3 2-3/3
3 n mi 1 * 1 1

NE 4-5/5 6/6 7-8/7 * 9/7 10/7-8
,45nmi 5 4-5 4 * 4 4

i i i

S 2-3/4 3-4/4 4/4-5 5/5 6/5
13 n mi 2 2-3 2 2 2

Example: Small boat wave forecasts (based on the

assumption that swell is not a limiting condition).

Forecast for Tomorrow:

Wind Waves
Time (Forecast) (Table 3-3)

prior to 0700 LST light and variable < 1 ft

0700 to 1200 NE 8-10 kt < 4 ft

1200 to 1800 NE 22-26 kt building to

6 ft at 6 sec
by 1600

Interpretation: Assuming that the limiting factor is
waves greater than 3 feet, small boat operations would
become marginal by 1300 and restricted before 1400.
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Combined wave heights are computed by finding the

square root of the sum of the squares of the wind wave

and swell heights. For example, if the wind waves were

3 ft and the swell 8 ft the combined height would be

about 8.5 ft.

Note that the increased height is relatively small. Even

if the two wave types were of equal height the combined

heights are only 1.4 times the equal height. In cases

where one or the other heights are twice that of the

other, the combined height will only increase over the

larger of the two by 1.12 times (10 ft swell and 5 ft

wind wave combined results in 11.2 ft height).

3.6.3 Wave data uses and considerations

Local wind waves build up quite rapidly and also

decrease rapidly when winds subside. The period and

therefore length of wind waves is generally short rela-

tive to the period and length of waves propagated into

the harbor (see Appendix A). The shorter period and

length result in wind waves being characterized by choppy

conditions. When wind waves are superimposed on deep

water waves propagated into shallow water, the waves can

become quite complex and confused. Under such condi-

tions, when more than one source of waves is influencing

a location, tending or joint operations can be hazardous

even if the individual wave train heights are not

significantly high. Vessels of various lengths may re-

spond in different motions to the different wave lengths

present. The information on wave periods, provided in

various tables, should be considered when forecasts are

made for joint operations of various length vessels.
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-.7 Protective and Mitigating Measures

3.7.1 Moving to new anchorage

When heavy east through south wind or swell is

encountered or forecast (swell often reaching heights of

20 ft (6 m) or more during winter), local mariners say it

1s best for ships to leave the anchorages. More

protected anchorages can be found along the north coast

oi Sicily near Messina, or at Palermo or in the Gulf of

Castellammare.

-.7.2 Sortie/remain in Inner Harbor

If strong winds or high seas from east through

south are forecast, local harbor personnel advise that

small vessels moored in the inner harbor should stay, but

double their moorings. Ships with drafts of 30' ft or

less can enter the inner harbor for protection if the

winds do not exceed 27 kt. Small craft shoul be well

secured. If a sortie is chosen, moving nort Yward through

Whe Strait of Messina to more protected w-ters along the/

north coast of Sicily or west coast //of the Italian

peninsula should be considered.

.7.3 Schedul irg

During summer, when the sea breeze is most

common, and early morning visibility is worst, ship

arrivals/departures and small boat operations should be

scheduled at times which avoid the worst of each

condition. On average, a mid to late morning evolution

would be a reasonable compromise. Similarly, an early

evening arrival or departure would provide light winds

and increased visibility.

I
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3.8 Local Indicators of Hazardous Weather Conditions

Strong winds and heavy seas from the southeast

quadrant are the greatest threats to the Port of Catania.

While not technically a "hazardous" weather condition,

the uncomfortable conditions caused by southerly flow

during summer can create unpleasant working environment

and poor visibility.

Easterly Wind/Waves - Since strong winds from the

east quadrant are caused by a steep north-south pressure

gradient, one indicator of a potential Gregale event

would be the forecast of a synoptic situation which

includes a building high to the north while a low

pressure center is forecast to remain or intensify over

the Ionian Sea or the North African region of

Libya/Tunisia, or transit eastward south of Sicily. A

persistent strong wind condition caused by a stationary

or slow-moving situation may last for up to 5 days.

Winds caused by a transient low pressure system will

normally last for about 1-2 days. Seas will persist for

about 24 hours after the generating winds diminish.

Winds which are southeasterly over the open ocean

frequently become northeast over Catania due to the

blocking effect of Mt. Etna.

Etesian winds in the eastern Mediterranean or

Aegean Seas can produce 8-12 ft (2.5-3.5 m) westerly

moving swell which will reach the east coast of Sicily in

4-8 hours. Maximum occurrence is in August.

Strong winds and hot, muggy weather accompanying

a Scirocco are often preceded by cumuliform clouds

iorming and remaining over Mt. Etna during southeasterly

flow over eastern Sicily.

Hot Weather/Poor Visibility - When winds are

southerly over the southeast tip of Sicily during summer,

hot, unpleasant weather with poor visibility occurs at

Catania. This event is often preceded by a stratus

buildup along the south coast of Sicily.
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TABLE 3-4. Potential problem situAl

VESSEL POTENTIAL HAZARD EFFECT - PRECAUTION,
LOCATION/SITUATION

i. Moored/Anchored. a. Stron minds/heavy seas from a. Remain at mooring, doublino mooring

- inner harbor southeast ua rant - Primarily a late personnel exposure on weather decks.

- outer harbor autumn, win er, early spring event. Can be
caused by '6regale" or Scirocco'. May

Late Autumn produce seas to 20 ft (6 m) in outer harbor,
Winter with lesser heights refracting into inner

Early Spring harbor. Southeasterly seas are worst.
Southeasterly winm coincident with
southeasteriy smeil results in a choppy
inner harbor. East winds may cause 6-12 ft
(2-3,5 a) seas to break over the top of Mold

I di Levante, and 1 112 ft (1/2 m long-period
swell to refract into the inner harbor.
Refracted swell is worst for vessels moored
on the west side.

Late Autumn b. Rain/thunderstorms - Late autumn/early b. Remain at mooring. Thunderstorms cal

Early Winter winter depressions passing south of Sicily but the most signifIcant are hlghtning S'

frequently cause heavy rain and/or little can be done to avoid lightning st

Late Winter thunderstorms at Catania that may be damag e oy high wind. Secure loose gear.

Early Spring continuous for 24 hours. May also occur weather decks,
with passing frontal systems. Violent
thunderstorms form over Mt. Etna late
winter/early spring and move over Catania
with hail, wind gusts to 50kt and
waterspouts.

Late Spring c. Sea breeze - An almost daily occurrence c. Remain at mooring. Normai strength

Summer late springjhrough early autumn. An narbor operatlons , Ast'cng event -- exi

Early Autumn unusually strong event may reach 27 kt and to normal ship operations, Secure loose

cause boating to be cancelled at the weather decks. Boating rtns toifrom and
anchorage, and may delay ships entering or 27 kt. During summer minimize afternoon

departing the anchorage. Usually begins
about 1030L, reaches a normal madimum of
about 15 kt by 1500L, and diminishes about
1800L,

Winter d. Tropical cyclone - Uncommon in the d. Because of the potential ior destruc

Spring M terranean, but when occurring have a to avoid being placeo n tie :ack of a

Summer strong chance of developing in October. Two to sea and tae evasive actiors at the

Autumn of the three storms recorded since 1919 have may strike or pass ciose to :atania.

occurred in late September. High winds and
seas possible.

Winter e. Ash fall from Mt. Etna - Catania is at e. Cover all delicate equipmet. Secur

Spring risk wheneverMt. Etna erupts or emits an Ensure all engines which must remain ope

Summer ash plume. Minimize personnel exposure ': ash.
Autumn

Summer t. Ea swell - 'Etesian" winds over the f. Inner Harbor: Remain at mooring.
Early Autumn easter-n ediTerranean or Aegean Seas can cause to generate a otherscme swe>i in the

B-12 ft (2.5-3.5 m) swell to propagate westward is advised for vessels moore on the we

to the east coast of Sicily. Maximum Anchorage: P' forecant smell is hig
occurrence is in August, Swell may break over are adv:seo to ;eave the e.cr:raie and
top of Moo di Levante and refract 1 1/2 ft sicily or west :s t tal:- Fennsula
i1/2 m) long-period swell in inner harbor. SI:iiv near 'Iessina, 7 at %a:ermo or t
Worst effect is on west side.
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m situations at Port of Catania - ALL SEASONS

ADVANCE INDICATORS AND OTHER INFORMATION
CAUTIONARY/EVASIVE ACTIONS ABOUT POTENTIAL HAZARD

inq mooring lines. Secure loose gear. Minimize a. Strong winds tram the southeast quadrant result when a strong or building
r decks. hign pressure celi over central or eastern Europe coincides with an

I ntensifying jow pressure system over North Africa or Ionian Sea. This is
primarily a late autumn, winter, early spring synoptic pattern. Prognostic

. should Le reviewed .,in this ieieario i,, mind. Witos associated with a
Scirocco are often preceded by cumuliiorm clouds iorming and staying over Mt.
Etna during southeasterly flow over eastern Sicily.

im erstorms can pose several problems to mariners, b. Thunderstorm activity can be expected when a transient low pressure system
iigntning strikes and strong gusty winds. Since moves eastward south oi Sicily late in the season. During late autumn and
ightninq strikes1 vessels are limited to avoiding winter cool air moving over the relatively warmer sea surtace causes
Icose gear. Minimize personnel exposure on instability which :an result in more-or-less continuous thunderstorm activity

for up to 24 hours, They may also occur wits passing rontal systems or in the
cold air following the front. During late winter and spring violent
thunderstorms form over Mt. Etna and move over Catania when the steering flow
is from the northwest.

a strength sea breezes would have little impact on c. The sea breeze should be expected daily during the warm season except under
event -- exceeding 20-25 kt -- could pose hazards the following conditions:

Secure loose gear. Minimize personnel exposure on illA hih aloft over Sicily can oppose the return branch of the seato/trom anchorage will be curtailed if winds reach breeze. he sea breeze will usually overcome the resistance but will b
e afternoon small boat operations. weaker than normal.

(2) When southerly flow across eastern Sicily descends toward Catania as
a west southwesterly, hot wind, visibility may be reduced to 1/2 mi, andm' no sea breeze occurs, -51ratus buildup along the south coast of Sicily

,a usually precedes the event.

for dest'uction, mariners should make every effort d, There is little advance indication of the formation of a tropical cyclone:rac of a troical cyclone. Vessels should put in tne Mediterranean. Close monitoring of satellite images and synoptic
ors at the first indication that a tropical cyclone reports is necessary for early detection of a developing tropical cyclone. An
atraat a. approaching tropical cyclone may be indicated by noting nigh, thin clouds inu cyclonically spiralling gradually thickening bands, or unexplained long-period

swell approaching trot the southern semicircle.

ment. Secure all unnecessary engine operation. e. Possible whenever Mt. Etna erupts or emits an ash plume and prevailing
remain operating have adequate air filtration, winds are from the northwest quadrant.

:Off ash.

e moorino. If incoming swell is sufficiently high . The "Etesian' occurs when a deep thermal low torms over northwest India.
10II i t~ e inner harbor, doubling of mooring lines It creates a northerly monsoonal flow whicn crosses the egean and eastern
Ie. d on the west side. Mediterranean Seas and generates swell which propagates westward to Sicily.
f well 's high enough to cause problems, vessels Maximum occurrence Is in August, when the thermal low is strongest. 0Oserving

,cage an,' see more protected waters north of wind reports in the Aegean and eastern Mediterranean Sea will provide aovance
,P:-sula, or anchoraoes along the north coast of warning of an Etesidan event. Once generated, the westward moving swell reaches

ax'eo or, the Gulf of Castellammare. the east coast ot Sicily in 4-8 hours.

_ _____ _ ________
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TABLE

VESSEL P
LOCATION/SITUATION POTENTIAL HAZARD EFFECT - PRE

2. Arrivingdejrtxn Fharbor. a. Strong winds/heayy seasfrol P. Large vessels approachin
southeast quadrant - Primarl-y- late seas are occurring 3r tore-a

Late Autumn autumn, winter, early spring event. Can be ", i. or less cou.0 pocee'-
Winter caused by '6regale or 'Scirocco". May are less than 11 kt; oth.rwi

Early Spring produce seas to 20 ft (6 mi ii, outer haraor, Vessels scheduled to op-t
with lesser heights refracting into inner winds. All vessels shouia b
harbor. Southeasterly seas are worst. entrance.

~Ar CIASLAd~.t with
southeasteriy swell results in a choppy
inner harbor. East winds may cause o-12 ft
(2-3.5 m) seas to break over the top of Moo
di Levante, and 1 1/2 ft (1/2 m) long-period
swell to refract into the inner harbor.
Refracted swell is worst for vessels moored
on the west side.

Late Autumn b. Rain/thunderstorms - Late autumn/early b. Continue evol.t:c o o.tn
Early Winter winter depressions passing south of Sicily to mariners, but the most si

frequently cause heavy rain and/or winds and in tne case ot tho
Late Winter thunderstorms at Catania that may be can be done to avcc ;i~tirt

Early Spring continuous for 24 hours. May a!so occur oy high wind. Secure ;ozso
with passing frontal systems. Violent decks.
thunderstorms form over Mt. Etna late
winter/early spring and move over Catania
with hail. wind gusts to 50kt and
waterspouU.

Late Spring c. Sea breeze - An almost daily occurrence c. Continue evoiut:cr :",
Summer late spring through early autumn, An delay until winds n !

Early Autumn unusually strong event may reach 27 kt and harbor.
cause boating to be cancel led at the
anchorage, and may delay ships enterino or
departing the anchorage. Usually begins
about I0,0L, reaches a normal maximum of
about 15 kt by 1500L, and diminishes about

Winter d. Tropical cyclone - Uncommon in the d. Because o4 the pzte~t:al
Spring Mediterranean, out when occurring have a to avoid being placed i- te
Summer strong chance of developing in October. Two to sea and take evasive acti
Autumn of the three storms recorded since 1969 have may strike or pass c::sv to

occurred in late September. High winds and
seas possible.

Winter e. Ash fall from Mt. Etna - Catania is at e. Cover all de'l ite e Ip
Spring rMsk w ~enever t. Etna erupts or emits an Ensure al engines "nh:1 %es
Summer ash plume. Minimize personnel enoc-se
Autumn

Summer fI Easerly swell - "Etesian' winds over the f, Large vessels ap c,:n
Early Autumn eastern Mediterranean or Aegean Seas can cause effect of the swell wouic beB-12 ft (2.5-3.5 m) swell to propagate westward subsides, Smaller vessels,

to the east coast of Sicily. Maximum inner harbor where the open
occurrence is in August. Swell may break over and wave motion woult be :m
top of Mob di Levante and refract I 1/2 It
0/2 m) long-period swell in inner harbor.

Worst effect is on west side.
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-BLE 3-4. (Continued)

---- V ACTIONS ADVANCE INDICATORS AND OTHER INFORMATION
RECAUTIONARY/EVASIVE ACTIONS IABOUT POTENTIAL HAZARD

aching Catania should remain at sea if strong winds/high a. ,trono winas trom the southeast Quadrant result when a strong or ouilaing
recast for the harbor. Smaller vessels with drafts oi nign pressure cell over central or eastern Eurooe coincides with anm eed t. the inner harbor if the winds at arrival time intensiiyjni low pressure system over North Africa or lonian Sea. This is
erwise remain at sea until the winds/seas subside. primarily a late autumn, winter, early sring synoptic oatcern. Prognostic
art ,hould Oo so prior to onset of 27 kt or greater charts should be reviewed with this scenario in mind, winds associated with aAkO ,e die(,' ,L f uq ,U ur [b .-flit L;,LI hlarbu. Ec'r=:: tyi 14ort :louds fcrming and stav:ng " t.u rEtna during southeasterly flow over eastern Sicily.

th cautnon. Thunderstorms can pose several problems b. Thunderstorm activity can be exp td whn a tranrient low pressure system
tqniticant are lig~htning strikes and strong gusty moves eastward south of icily late in the season. During late autumn and

th-se formed over M . Etna, waterspouts. Since little winter cool air ioving over t e relatively warmer sea c'Jr+ace causes
rtgstrikes, vessels are limited to avoidingtbltyWihctn, s i e es el exposre o at damage instabilty which can result in more-or-less continuous thunderctorm activity

ose ehr. Minimize personnel exposure on weater 'or up to 24 ncurs. They may also occur with passiu g frontal systems ir in the
cold air following the front. During late winter and spring violent
thunderstorms norm over Mt. Etna and move over Catania when the steering flow
is from the northwest.

pit :auto.-, c!nss winds are 27 kt or C. The sea breeze should be expected daily during the warm season except u,,X.:. :at~o u s ind ar 27kt r reater, If so, "
re. inimize summer an :rn.oN runs to/ rom inner the followin conditions:

1I)A h: h aloft over Sicily can oppose the return branch of the sea
breeze, The sea breeze will usually overcome the resistance but will be
weaker than normal.
(2) When southerly flow across eastern Sicily descends toward Catania as
a west southwesterly, hot wind, visibility may be reduced to 1/2 mi, and
io sea breeze occurs. S7ratus buildup alon t he south coast of Sicily
usually precedes the event.

tia. or destructIon, mariners should make every effort d. There is little advance indication of the formation of a tropical cyclone
the track of a tropical cyclone. Vessels should put in the Med~terranean. Close monitoring of satellite images and synoptic

act;3ns at the first indication that a tropical cyclone reports is necessary for early detection of a developing tropical cyclone. An
ia to Catania. approachin9 tropical cyclone may be indicated by noting high, thin clouds in

cyclonicaliy spirailing gradually thickening bands, or unexplained long-period
swell approaching from the southern semicircle.

Pquipment. Secure all unnecessary engine operation e. Possible whenever Mt. Etna erupts or emits an ash plume and prevailing
• must remain operating have adequate air filtration, winds are from the northwest quadrant.
;ure to ash.

aching the anchorage in the outer harbor where the t. The "Etesian' occurs when a deep thermal low forms over northwest India.ir a be at a maximum are advised to delay until the swell It creates a northerly monsoonal flow which crosses the 4egean and eastern5is, with drafts of 30 ft or less, can proceed to the Mediterranean Seas and generates swell which propagates westward to Sicily.C, pen ocean swell would be blocked by Mold di Levante, Maximum occurrence is in August, when the thermal low is strongest. Observing
*e limited to refracted wave energy and local wind waves, wind reports in the Aegean and eastern Mediterranean Sea will provide advance

warning of an Etesian event. Once generated, the westward moving swell reaches
the east coast of Sicily in 4-8 hours.



TABLE 3-4. (Cc

VESSEL EFFECT - PRECAUTIONAR'
LOCATION/SITUATION POTENTIAL HAZARD

3. Small boat operations, a. Strong winds/heavy seas trom a. Small boat operations should be secured

southeast Quadrant -1Priarilyo late state makes their operation unsafe.

Late Autumn autumn, winter, early spring event. Can be
Winter caused by "6regale" or 'Scirocco'. May

Early Spring produce seas to 20 ft (6 m) in outer harbor,
with lesser heights refracting into inner
harbor. Southeasterly seas are worst.
Southeasterly wind coincident with
southeasterly swell results in a choppy
inner harbor. East winds may cause 6-12 ft
(2-3.3 m) seas to break over the top of Molo
di LevanLe, and 1 1/2 it (1/2 m) long-period
swell to refract into the inner harbor.
Refracted swell is worst for vessels moored
on the west side.

Late Autumn b, Rain/thunderstorms - Late autumn/eariy b. Small boats should be operated Itr extri

Early Winter winter depressions passing south of Sicily first indication of lightning or strong wind!

frequently cause heavy rain and/or
Late Winter thunderstorms at Catania that may be

Early Spring continuous for 24 hours. May also occur
with passing frontal systems. Violent
thunderstorms form over Mt. Etna late
*inter/early spring and move over Catania
with hail wind gusts to 50kt and
waterspouts.

Late Spring c. Sea breeze - An almost daily occurrence c. Minimal effect on inner harbor operations
Summer lateipinjqTfough early autumn. An kt. Small boat operations are canceied at 2

Early Autumn unusually strong event may reach 27 kt and
cause boating to be cancelted at the
anchorage, and ma delay ships entering or
departing the anc orage. Usually begins
about 1030L, reaches a normal maxImum of
about 15 kt by 1500L, and diminishes about
1800L.

Winter d, Tropical cyclone - Uncommon in the d. All small boat operations shoulo :ease at
Spring Mediterranean, but when occurring have a cyclone. Small craft should be hc:stec out c
Summer strong chance of developing in October. Two or, in the case of shore-based boats, well at
Autumn of the three storms recorded since 1969 have

occurred in late September. High winds and
seas possible.

Winter e. Ash fall from Mt. Etna - Catania is at e. Cover all delicate equipment. Se:ure all
Spring risk whenever Mt. Etna erupts or emits an Ensure all engines which must remair "Deratil
Summer ash plume.
Autumn

Summer f. Easterly swell - 'Etesian' winds over the f. Minimal effect on inner-harbor operationi
Early Autumn easte editerranean or Aegean Seas can cause anchorage may be affected if swell period is

8-12 ft (2.5-3.5 m) swell to propagate westward compounded by significant wind waves.
to the east coast of Sicily. Maximum
occurrence is in August. Swell may break over
top of Molo di Levante and refract I I/ ft
(1/2 m) long-period swell in inner harbor.
Worst effect is on west side.

4. Helicopter operations. a. West-southwesterly winds 20-25 kt. a. West-southwesterly winds may cause turbu
operating in the Catania area.

Summer
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(Continued)

IONARY/EVASIVE ACADVANCE INDICATORS AND OTHER INFORMATION
ACTIONS ABOUT POTENTIAL HAZARD

'e secured in winds over 27 kt or if sea a. 'tronq winds trom the southeast quadrant result when a strong or btilding
hiq. pressure cell over central or eastern Europe coincides with an
intensifying low pressure system over North Africa or Ionian Sea. This is
primarily a late autumn, winter, early spring synoptic pattern. Prognostic
charts should be reviewed with this scenario in mind. Winds associated with a
Scirocco are often preceded by cumulitors clouds forming and staying over Mt.
Etna during southeasterly tiow over eastern Sicily.

with extreme caution and secured at the o. Thunderstorm dcti itZ can be expected when a transient low pressure system
Itrong winds. movet eastward south ot nicily late in the season. During late autumn and

winter cool air movirn over thn relatively warmer sea surface causes
instaoility which can result in more-or-less continuous thunderstorm activityfor up to 14hours. They may also occur with passing frontal systems or in the
cold air following the front. During late winter and spring vYiolent
thunderstorms form over Mt. Etna a.,d move over Catania when the steering flow
is from the northwest.

operations unless velocities exceed 20-25 The sea breeze should be expected daily during the warm season except under
ceiled at 27 kt. txe 'ollowing conditions:

"I) A high aloft over Sicily can oppose the return branch of the sea
breeze. he sea breeze will oually overcome the resistance but will be
weaker than normal.
!2) When southerly 41:w across eastern Sicily descends toward Catania as
a west southwesterly, hot wind, visibility may be reduced to 1/2 mi, and
no sea breeze occurs. -ratus buildup along the south coast of Sicily
usually precedes the event.

Id cease at the approach of the tropical d. There is little advance indication ot the formation o* a tropical cyclone
isted out o+ the water and secured on deck in the Mediterranean. Close monitoring of satellite images and synoptic
ts, well above the nigh tide line, reports is necessary for early detection of a developing tropical cyclone. An

approaching tropical cyclone may be indicated by noting high, thin clouds in
cyclonical y spiralling gradually thickening bands, or unexplained long-period
swell approaching from the southern semicircle.

Secure aii unnecessary engine operation. e. Possible whenever Mt. Etna erupts or emits an ash plume and prevailing
ein operating have adequate air filtration, winds are from the northwest quadrant.

operations. Runs to the outer harbor f. The "Etesian" occurs when a deep thermal low forms over northwest India.
period is short, or swell motion is It creates a northerly monsoonal flow whic crosses the Aegean and eastern

es. Mediterranean Seas and generates swell which propaqates westward to Sicily.
Maximum occurrence is in August, when the thermal low is strongest. Observing
Wind reports in the Aegean and eastern Mediterianean Sea will provide advance
warning of an Etesian event. Once generated, the westward moving swel! reaches
the east coast ot Sicily in 4-8 hours.

ause turbulence problems for helicopters a. West-southwesterly winds may result when a low pressure trough is located
in the western Mediterranean Sea. Turbulence at Catania may be preceded by
stratus clouds voreing along the south coast of Sicily.
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APPENDIX A

General Purpose OceanoQraphic Information

This section provides general information on wave

forecasting and wave climatol1gy as used in this study.

The forecasting material is not harbor specific. The

material in paragraphs A.1 and A.2 was extracted from

H.O. Pub. No. 603, Practical Methods for Observing and

Forecasting Ocean Waves (Pierson, Neumann, and James,

1955). The information on fully arisen wave conditions

(A.3) and wave conditions within the fetch region (A.4)

is based on the JONSWAP model. This model was developed

from measurements of wind wave growth over the North Sea

in 1973. The JONSWAP model is considered more

appropriate for an enclosed sea where residual wave

activity is minimal and the onset and end of locally

forced wind events occur rapidly (Thornton, 1986), and

where waves are fetch limited and growing (Hasselmann, et

al., 1976). Enclosed sea, rapid onset/subsiding local

winds, and fetch limited waves are more representative of

the Mediterranean waves and winds than the conditions of

the North Atlantic from which data was used for the

Pierson and Moskowitz (P-M) Spectra (Neumann and Pierson

1966). The P-M model refined the original spectra of

H.O. 603, which over developed wave heights.

The primary difference in the results of the

JONSWAP and P-M models is that it takes the JONSWAP model

longer to reach a given height or fully developed seas.

In part this reflects the different starting wave

conditions. Because the propagation of waves from

surrounding areas into semi-enclosed seas, bays, harbors,

etc. is limited, there is little residual wave action

following periods of locally light/calm winds and the sea

surface is nearly flat. A local wind developed wave

growth is therefore slower than wave growth in the open

ocean where some residual wave action is generally always
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present. This slower wave development is a built in bias

in the formulation of the JONSWAP model which is based on

data collected in an enclosed sea.

A.1 Definitions

Waves that are being generated by local winds are

called "SEA". Waves that have traveled out of the gener-

ating area are known as "SWELL". Seas are chaotic in

period, height and direction while swell approaches a

simple sine wave pattern as its distance from the gener-

ating area increases. An in-between state exists for a
I

few hundred miles outside the generating area and is a

condition that reflects parts of both of the above defi-

nitions. In the Mediterranean area, because its fetches

and open sea expanses are limited, SEA or IN- BETWEEN

conditions will prevail. The "SIGNIFICANT WAVE HEIGHT"

is defined as the average value of the heights of the

one-third highest waves. PERIOD and WAVE LENGTH refer to

the time between passage of, and distances between, two

successive crests on the sea surface. The FREQUENCY is

the reciprocal of the period (f = l/T) therefore as the

period increases the frequency decreases. Waves result

from the trans&fer of energy from the wind to the sea

surface. The area over which the wind blows is known as

the FETCH, and the length of time that the wind has blown

is the DURATION. The characteristics of waves (height,

length, and period) depend on the duration, fetch, and

velocity of the wind. There is a continuous generation

of small short waves from the time the wind starts until

it stops. With continual transfer of energy from the

wind to the sea surface the waves grow with the older

waves leading the growth and spreading the energy over a

greater range of frequencies. Throughout the growth

cycle a SPECTRUM of ocean waves is being developed.
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A.2 Wave Spectrum

Wave characteristics are best described by means

of their range of frequencies and directions or their

spectrum and the shape of the spectrum. If the spectrum

of the waves covers a wide range of frequencies and

directions (known as short-crested conditions), SEA

conditions prevail. If the spectrum covers a narrow

range of frequencies and directions (long crested

conditions), SWELL conditions prevail. The wave spectrum

depends on the duration of the wind, length of the fetch,

and on the wind velocity. At a given wind speed and a

given state of wave development, each spectrum has a band

of frequencies where most of the total energy is

concentrated. As the wind speed increases the range of

significant frequencies extends more and more toward

lower frequencies (longer periods). The frequency of

maximum energy is given in equation 1.1 where v is the

wind speed in knots.

f._. = 2.476 (1.1)
v

The wave energy, being a function of height squared,

increases rapidly as the wind speed increases and the

maximum energy band shifts to lower frequencies. This

results in the new developing smaller waves (higher

frequencies) becoming less significant in the energy

spectrum as well as to the observer. As larger waves

develop an observer will pay less and less attention to

the small waves. At the low frequency (high period) end

the energy drops off rapidly, the longest waves are

relatively low and extremely flat, and therefore also

masked by the high energy frequencies. The result is

that 5% of the upper frequencies and 3% of the lower

frequencies can be cut-off and only the remaining
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frequencies are considered as the "significant part of

the wave spectrum". The resulting range of significant

frequencies or periods are used in defining a fully

arisen sea. For a fully arisen sea the approximate

average period for a given wind speed can be determined

from equation (1.2).

T = 0.285v (1.2)

Where v is wind speed in knots and T is period in

seconds. The approximate average wave length in a fully

arisen sea is given by equation (1.3).

L = 3.41 T2  (1.3)

Where L is average wave length in feet and T is average

period in seconds.

The approximate average wave length of a fully arisen sea

can also be expressed as:

L .67"L" (1.4)

where "L" = 5.12TI, the wave length for the classic sine

wave.

A.3 Fully Arisen Sea Conditions

For each wind speed there are minimum fetch (n

mi) and duration (hr) values required for a fully arisen

sea to exist. Table A-I lists minimum fetch and duration

I values for selected wind speeds, values of significant

wave (average of the highest 1/3 waves) period and

4height, and wave length of the averaqe wave during

developing and fully arisen seas. The minimum duration

time assumes a start from a flat sea. When pre-existing
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lower waves exist the time to fetch limited height will

be shorter. Therefore the table duration time represents

the maximum duration required.

Table A-I. Fully Arisen Deep Water Sea Conditions Based
on the JONSWAF Model.

Wind Minimum Sig Wave (H1/3) Wave Length (ft)'- 2

Speed Fetch/Duration Period/Height Developing/Fully
(kt) (n mi) (hrs) (sec) (ft) /Arisen

L X (.5) /L X (.67)
10 28 / 4 4 / 2 41 / 55
15 55 / 6 6 / 4 92 / 123
20 110 / 8 a / 8 164 / 220
25 160/11 9 / 12 206 / 276
30 210 / 13 11 / 16 310 / 415
35 310 / 15 13 / 22 433 / 580
40 410/ 17 15 / 30 576 / 772

NOTES:

Depths throughout fetch and travel zone must be greater

than 1/2 the wave length, otherwise shoaling and
refraction take place and the deep water
characteristics of waves are modified.

For the classic sine wave the wave length (L) equals
5.12 times the period (T) squared (L = 5.12T7). As
waves develop and mature to fully developed waves and
then propagate out of the fetch area as swell their
wave lengths approach the classic sine wave length.
Therefore the wave 'engths of developing waves are less
than those of fuily developed waves which in turn are
less than the length of the resulting swell. The
factor of .5 (developing) and .67 (fully developed)
reflect this relationship.
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A.4 Wave Conditions Within The Fetch Region

Waves produced by local winds are referred to as

SEA. In harbors the local sea or wind waves may create

hazardous conditions for certain operations. Generally

within harbors the fetch lengths will be short and

therefore the growth of local wind waves will be fetch

limited. This implies that there are locally determined

upper limits of wave height and period for each wind

velocity. Significant changes in speed or direction will

result in generation of a new wave group with a new set

of height and period limits. Once a fetch limited sea

reaches its upper limits no further growth will occur

unless the wind speed increases.

Table A-2 provides upper limits of period and

height for given wind speeds over some selected fetch

lengths. The dcration in hours required to reach these

upper limits (assuming a start from calm and flat sea

conditions) is also provided for each combination of

fetch length and wind speed. Some possible uses of Table

A-2 information are:

1) If the only waves in the area are locally
generated wind waves, the Table can be used
to forecast the upper limit of sea conditions

for combinations of given wind speeds and
fetch length.

2) If deep water swell is influencing the local
area in addition to locally generated wind
waves, then the Table can be used to
determine the wind waves that will combine
with the swell. Shallow water swell
conditions are influenced by local bathymetry
(refraction and shoaling) and will be

addressed in each specific harbor study.

3) Given a wind speed over a known fetch length
the maximum significant wave conditions and

time needed to reach this condition can be
determined.

A-6



Table A-2. Fetch Limited Wind Wave Conditions and Time
Required to Reach These Limits (Based on JONSWAP Model).
Enter the table with wind speed and fetch length to de-
termine the significant wave height and period, and time
duration needed for wind waves to reach these limiting
factors. All of the fetch/speed combinations are fetch
limited except the 100 n mi fetch and 18 kt speed.

Format: height (feet)/period (seconds)
duration required (hours)

Fetch \ Wind Speed (kt)
:Lenoth-\ 18 24 30 36 i 42

(n mi.)

* 10 2/3-4 : 3/3-4 1 3-4/4 4/4-5 5/5
1-2 2 2 1-2 1-2

20 I 3/4-5 4/4-5 5/5 6/5-6 1 7/5-6
2-3 3 3 3-4 3

A30 3-4/5 5/5-6 6/6 7/6 8/6-7
S3 4 3-4 3-4 3

40 1 4-5/5-6 5/6 6-7/6-7 1 8/7 i 9-10/7-8
1 , 4-5 4 4 4 3-4

100 5/6-71 9/8 11/9 I 13/9 1 15-16/9-101
I 5-b It 8 7 i 7 I 7

18 kt winds are not fetch limited over a 100 n mi fetch.

An example of expected wave conditions based on Table A-2 follows:

WIND FORECAST OR CONDITION

An offshore wind of about 24 kt with a fetch limit of 20

n mi (ship is 20 n mi from the coast) is forecast or has

been occurring.

SEA FORECAST OR CONDITION

From Table A-2: If the wind condition is forecast to

last, or has been occurring, for at least 3 hours:

Expect sea conditions of 4 feet at 4-5 second

period to develop or exist. If the condition

lasts less than 3 hours the seas will be lower.

If the condition lasts beyond 3_ hours the sea

will not grow beyond that developed at the end

of about 3 hours unless there is an increase in

wind speed or a change in the direction that

results in a longer fetch.
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A.5 Wave Climatology

The wave climatology used in these harbor studies

is based on 11 years of Mediterranean SOWM output. The

MED-SOWM is discussed in Volume II of the U.S. Naval

Oceanography Command Numerical Environmental Products

Manual (1986). A deep water MED-SOWM grid point was

selected as representative of the deep water wave

conditions outside each harbor. The deep water waves

were then propagated into the shallow water areas. Using

linear wave theory and wave refraction computations the

shallow water climatology was derived from the modified

deep water wave conditions. This climatology does not

include the local wind generated seas. This omission, by

design, is accounted for by removing all wave data for

periods less than 6 seconds in the climatology. These

shorter period waves are typically dominated by locally

generated wind waves.

A.6 Proa ation of Deep Water Swell Into Shallow Water Areas

When deep water swell moves into shallow water

the wave patterns are modified, i.e., the wave heights

and directions typically change, but the wave period

remains constant. Several changes may take place in-

cluding shoaling as the wave feels the ocean bottom, re-

fraction as the wave crest adjusts to the bathymetry

pattern, changing so that the crest becomes more parallel

to the bathymetry contours, friction with the bottom

sediments, interaction with currents, and adjustments

caused by water temperature gradients. In this work,

only shoaling and refraction effects are considered.

Consideration of the other factors are beyond the

resources available for this study and, furthermore, they

are considered less significant in the harbors of this

study than the refraction and shoaling factors.

To determine the conditions of the deep water

waves in the shallow water areas the deep water
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conditions were first obtained from the Navy's

operational MED-SOWM wave model. The bathymetry for the

harbor/area of interest was extracted from available

charts and digitized for computer use. Figure A-1 is a

sample plot of bathymetry as used in this project. A ray

path refraction/shoaling program was run for selected

combinations of deep water wave direction and period.

The selection was based on the near deep water wave

climatology and harbor exposure. Each study area

requires a number of ray path computations. Typically

there are 3 or 4 directions (at 300 increments) and 5 or

6 periods (at 2 second intervals) of concern for each

area of study. This results in 15 to 24 plots per

area/harbor. To reduce this to a manageable format for

quick reference, specific locations within each study

area were selected and the information was summarized and

is presented in the specific harbor studies in tabular

form.
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01

100

Figure A-I. Example plot of bathymetry (Naples harbor) as used in this
project. Far plotting purposes only, contours are at 50 fathom
intervals from an initial 10 fathos to 110 fathoms, and at 100 fathom

intervals thereafter. The larger size numbers identify specific
anchorage areas addressed in the harbor study.
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